mum srfM ft sit ft ftft srraT? 

o 

3trftftcb 3tftmftr 

ftftr 3 fcmz : ft. trt. ft. ftd - 



1. MW°T ?Tl^T 

o 

dddiRi I9ftr srdRftt (1800 - 1900) dd7 ft Mnlftftt ft ftidT tft ftt drs^wr 
“wt (atom)” dT| qrdftF wtt°t frFiT ttts-tt arr tft 3ft 3tfft3?d7T ftr 

(microscope) ft ftrft 3ft ftF FldT ftadd dftt 2TT| 

dd 100 ft 3ft aftlftF IftHW ^TT ft WfT°T ftl FdftF IftTR % WffOT ftt Tdd 3Rd 

o 1 o 

WT wnwaft ft ftddd (combine) F7TRJT dnft dt tJ^r ddd (element) dddT it| fttF ft 
wnwaft ft fttF addT |t| ftsrer ft wnwaft ft ftt^T addT t\ H^rr 3ftdfttdd (oxygen) ft 

wnwaft ft ftictfticHd| fftr qw 3 rr dd? §ft ddft t\ fttF, ftyq7, ^ 3ft<+ftidd, ddft ft 

f | 

5trt 3Rr?d |r tft wft ftftr qftftr dfr ftftr| fft^gd; ftts Mr ftftd |t ftt 
Fed w 3 Rt wftt ft dT^RJT ft vrai^d ftftt f| f^dcf dtft ft quit^d ftftt st ftt ft 

d<H'=hft ddft f| Rddd., fttdT, cTdT 3Rd jqdTdftt ftt ddlftl it| ftdllftftt ft dTIddT dTFT tft 

Rddcf ffteft Mr $? ftfft dF wrwpft ft Mr MM dfr |f| 

dlft fMdcT ftt dlft ft ft yelled dTdft dl FT fft'=M<HT FIT dft ftt 3Rddd- 3tte 
dRddl ft Ft ddTdT t\ fMdcT RRT ftt d7§ft-d73ft dPd ft d<Hfttftl Rldlft ft dR ft dTTdTTdT 
(flash) FIT ddTdT t\ Mr tftftlft 3fte M dd7 dft ^ftt, 3Td: F^ 3f?-'ddd' MM t\ 
3fffttftFd tftftlft 3tftd7 wmMt #7 dTd tftfftr (mixed) ^ftt $1 

dlft fftFdcT ?TRT dTt IftftRT (vacuum) (3TftRT dF ddlR tftPdft dTU §ft R ft) ft ydlt^d 
dft dt ^RJT ftdT? RRd Fdftt ft3Td dd[ft #7 Iftft dftt ft ft dTd ftt qftdf: dlFT fft'=bl'<H'<Hl 
(pump-out) ftdT| fdlft 3ifrlRd-d dftt #7 3tFT fiftd" ddldt 9T ftt dTd # ^ftft (plates) §ft 
ftftt dTlftr, dlift> Ift^dcT ilKl ftt k ,c T> MdT ft ftdft '-ot d ftt 3TtT MdcHdl ft (forcibly) 3ftdT 
atT dft | 



oT3T§T3T 1855 *T t?TR (Heinrich Geissler) RRT % trf tyM MMRyr $ 

yM rit M Ittr (vacuum) M yRRfr| r?r?rrt 3riM ^rh rrt yrr Wh # 
yRddT ^ §^5T^ #T Mft' u I1 '<hT yy 3TRRRR- RT Ml 3'R^ M for RTS Ht 3cRRR F3TT dt 

-3 O 

Mft d1=RT (line) # ddfod fo dRy| 3RT: M fofo'RJ| (radiation) ^T| fM fofoRR 
RF M yRM RF ^FcT SfRTT RRyy| M RF R3fr % yyR £ SyRTRT, M 3tM RRcHdl £ 
RRyy| 



Piqfd >7*H ehl 




fMt M 




1876 # rM M<M (Eugene Goldstein) RRT % yyr dM tdtM ^ R?fnqT for 
fofoRui 1 T 8 J 7 c^re: £ y^R^r F3TT, Mr ^WIR (%Rfo/cathode) RFT| 3dfo FT £ 
fofoRU| ^r MlR-foRR RFT| 



yys ?M ?r ttIrt for %M-foRW yyr Ryyy yy yyy?r fr| yyy?r ttrt FRRif # fir dfoff 

(short-waves) FT RRT (?| 311RR Mfo-foRR 3ft TRTRT yyTR # dR-dM £ yydd fllRR 
dTRlf #T RTR M fo| 



Rfo Rj-sjcb Rt Mr (vacuum) Reft % yRr rirt rrt dt %Rfo foM yy rr (TR=dr) 
yyr (curved) ft rrt| wd yyy?r ft <ttf yr M rrrt t\ rrrf ^r strrt dfo, 
yyy?r MPr M (line) # dRfod Mt i?| 



1895 # Mr yfodM ’Mr (Jean Baptiste Perrin) RRT % yyMft 3 riM ^ R?flRT 
fo %Rfo-foRtrft # foRRd MR $] FT £ ^Rfo-foM RR RR RRT 4 RRT, yRtfo 

fodRy> Mr yrt RRyyr Mr dyyrr t\ 

y^raf #r RR yyy, foRRd; M?r y^r dRTftd yR M f , rtrr yyy?r ^ot4w 
dyyrr| 3RT: M ^ Mr Mt %%-M Mrh ft MM ?tsrt Mr ^ M frf 
fl 



1897 *r RfM RTR RTJRTR (Joseph John Thomson) RRT % yyr M MrfM $ 

r^t rr yy 3 trrrr- Mjt| rMMt Mir rrt rr # yyyy # rirt tt rf 



3JS-TT ^Fcrff #7 cjRto'R 3TRF7R (actual size) # R07RT 3R 3 RFT| tot 3TT?to #7 RRT toff 
%to-feRufi #7 37R, W1WT Tt §ft R£FT f | %to-feRR RT RR, TRiT# T $\ t W1WT RT 

#rsrar 1/1800 rir arr| 



to* to SJTWT 




Rtof7 tolR-ftoll % 370T WTRT Tt 3ft to ft, ft W2TJT RR “3H'^M^^ifuTi| ” (subatomic) 
tof ftt tor to| RRR RT to Rtr fR tot Rt ftitoR ft “totoft (electron) R|rr, 

=Kj1ft> 3 ?$ fftRRH SJRT ft RRIT RUT RT| 3RT ftdllft* ft RFR #7 tot 377 RTR tot ft| TT^F7 
eft ?jjw wtrt oft ato r f , rrt cjto to arte rs-r tofftR oft toRH RRift f | 

RRT fR ftftf #7 RtR fttf R<r-R<rtr $? %ftlR tftRR RRftfftR ^rat^T tot 9T FRR 7 T 3RR tor 

rrttI 

1895 ft Rch^c-<H ehlffKis ft u" eft (Wilhelm Konrad Roentgen) RR #7 tt^f aift<ri 
toto ft to fft rr tote-tow qto ft d-ch^i'4', rr t?^f rr wfr wr Ifttow prr| rf 
RRT totoRCR rto; 9Rrftf ftt RRR7 ft rr ^raifftto to: (photographic plate) ftt ^TTcTr rt 
RRRT (dark) RR RR7T| W1RH RT to ftt Rtot 3TRRT tot (cardboard) #7 to teteft RT 
Sft tor Ft TRFT| 3TR: ft to* to RRTRf #7 RRRR TFT §ft ftteftR ft RR7RT ft 




cRlll^b %% f5T dtt MI 3F? 3% % X-1%F (X-rays) ^T| X FFi 

^TfStcT FT 1% (symbol) ^ 1%TFF 3T^ 33?ITcT (unknown) t\ 3Tl1%FFIT FF T?T rf% F3TT fa 
X- faTW 31?% dTF ?T3=% % dTO FFFRF WT $1 

fff sit? ?ft tF%tT ?r 33 % ?%f # %f°tt % dt %ri^, x-farw ftF 3^ Ttefi 

(sources) # ^t%T %| 

3iPc<r) %fr %%?F (Antoine Henry Becquerel) dT?T FT FFF FFFl%fr 3diPl=F 
<%.% <u<h (uranium) d?F % TTTrrFl^lFF %% (chemical compound) #f dT^T FF?T fit ^FT 
2FT| ois| FT FFTT3F 3TF FT 4Sl eft FF F<HF>I | slFdRd f!R|f> F>F 3TfT TTTr| 

3% far Fd?F FFddF # 3TT 4tfrl'=h Fit d%F cTFT 31% FFF tfWlftfrd ^ FITT T0T| 

3% F<HF> TTT?T[T tJ T y=hl?F |t eft FF Fdd Fddal ^F 3TT£-d<H d^Rd 5% %fT cTFT 

ijRnitrf% 3wRc%d %fr| dfa # x-fa?w t dt t fift^f # ?t %ri% %fr 

3ft? c cte Fit %t (develop) % F?Fld Hdl Fd 3FT%F % F>ld)/ SFToft F? FT dtl| %cT 

^%r/%?fr dFF 4'FdRd st %rr fa ftff f # x-fa?w §fr| ??faF dfafatd f% #f f% 

3% Fd-: F%1T #| FTdd 3T% FTS fa# dFF FFFd §t| 4'FdRd # FFF %3 #F IfaF^T F% 
FFddF # faFTT |3TF dtffaF FT FTFT FF Tdt # FcfTSTT # FT| 









ehfHI 

cfTl *<H c 




>+i1c1 5ft >dc 

5l 3>M< 

tfldl 

ftvnjf 




3F^T # q^fTSTT TT 3^ 37^ d^lf^d ?itaT| 3?^ T TRTT 

^i#/?jtrofr ft ^Ffr ft I ^r =rft Rtur4 ^t §fr 4tfjich % ^rr m| dc'4di tf, 3 trt % 

3fk raPtr ?r ERfrar % 4tfti'eh qt wm £r t^t| 



JTTfr >M-(Hlc{;Wchi (Marie Sklowdowaka Curie) dTJT # qtf^Rr-tfrET (Polish- 
French) 3dlfacb ^ 1898 # JT 1% d1fj|=b # ^F d^Qdd (uranium) W1WT §4T 3Tt 
dt^'ddl 7T ^ arr| ^ ^ (radioactive) ^\ 37^T 

3F 8ft ^?fRJT fa ^TRT clr^ aflft'g'-H (thorium) 8ft 2tT| 




2JF ;p2JTfaT F3TT fa 4)‘kldd tTq- $ cfW qqffiT f^fa'^i fa>Hfad fafr| d'J-d=b 

# 3qfa?lfa # ftfa'^i ^r TT^F* £(FT F^T W gg> fa?]T # fpFT (3FT F3TT), ^HTT §TRT ^Htr 
fa?TT 3tf?fa Ftqq cT^TT 3^=g- 3TRT far 3ft ddUd F3TT, faS" fa 3FT *I'<H'«*>' ?t fit d^t| 

*3 o O 




3Tc*FT r*|U, 

*■/ 

fatm ^ ^ p 

mzi rernn 





* < 



Radioactive 

Sample 



F^Joftcfe ft (Ernest Rutherford) ft ft ftlTT fftftTftf 

37 T 5TT3T ftftf 7 ftr cTLrV«HlcHT #7 W§m %T 3T£Tft WT| ?77ft fTft |tT fftfft<hJ| eft W2TJT 3fW 
#7 3^TT 3f7q7T-1ftRW (alpha-rays) 37fT| ft) ftfer 37ftftF fjft, 3^ftt 3 % 3TC1T qr 

%T-fftTW (beta-rays) 3F7?T| 3ft toFT fftcHJcH 8fr =gft, 3dftt ftfcft 3TCTT 
WU-ift^i (gamma-rays) 3F7£T| 




3tH« 1 c * ft I s 



ftift 7H7Tr-^7TUT sr^t srftr, ftm defier erarr ftft 1ft ft Iftrw ^7T?r sr x-1ftRW #7 

<\ -3 o 

(resembling) ft| 3% ftfTT ft |3TT| WTr-fftltfr 3d - diftf (waves) ftr 3ftr ftftt ft 3ft 
X-fftTW eft %rft ft Sft tftft ftftt ft 

%T-1%TJT ^-ch #7 Ift^ fTftr, fTB^TT 3f2t £[T 1ft ft IftRW Iftddd ft 3nftflftT 
^r-^FTtjfr ft ^ftr ftr| ^ftr% strft ’tst fd^u 3tte hst, 3%r % 1ft Mft ift-c^di fti^T 
^trr 3tdftr ft| 1900 ft ft^lftd 2T9ft 7R7T 1ft ftldT-^FOT aifd'cl ft £c3ft ft, 

-3 O 

cRlllft ft $ft=t-'dld ft| 




Tjq> RTF TT RF RRT q^tfT 8jt| 3R Uc^R'dldl qq 3^M^K gT3TT 2TT, RT t ftdRd. RRT % 

A O "* 3 

qqq ^r q^fiR Ft?r £r| rr r^rr rrt r^rr wnwa# *f £ 3n?r q^fiR Ft?r £| f^FR 
§ft fR WT1W3# *f fadRd RRT R^t 2ft| RFT f^RdlR RRT RR t|T ^? 

3TT TRPR RlftRR TJR R}faR<H TTRTT RTT Rft^ RTR WTTW3# % qRT^ 01 ?TTRR 

«\ o 1 

3 ^?^rte srrfr wt rrs fa?>q rr!% ftt qqrR tt 0 rrr tt fiw ft?YqRT TT3?r 0| 
rtrr ritro *f t ftrt )Hrr r^t £r| 

1899 *f, RTRRR %4*Rft (ultra-violet) qqq?T % RTR qqR RR T?T 0| ^TT-faRfr qqq?T 
^Hl<Hla-VL| qqq?r # OTt 3" RRS T5t€t Wit TT RRT FtRT t\ ^'Hd $ 3TRRRR foRT f%T 
RR tftr-faRfr qRRR qq* RTTRfr TIRF (surface) qr qfRT RT RRT FtRT? 

forfr afr qqq?r # rt?t f^RRfr ^t€r FRfr, 3Rqf 3R^fr £r stI^rt 3Rfr ^Rfr| ipm 
qqq?r # FR^r rtrt # rrrt # %-f3Rfr rrt RFRfr ttrf qr rt5Rrt tt qFR (strike) 
RRTfr f | 

RR TTRTFR qRR?T RTF # RRF qT RgRT |t, Ht 3TRTR RRS R^t fftRT| PfR §ft ^kT-l'aRfr 

qqq?r rir # ttrf qT qR^RT rtsRrt £ rfr rrrt t, rrt Ritt £ rrs torRRT (knock- 
out) t\ RTRTTR' £ qRJT qfr f^RFRRT |t RF f^RCRT f| 3TFT fTT “SR^T fcTdRcfTR q^Rcf 
(photoelectric-effect) qqq| RRt% R^Tst (photo) 3ftqr ?isR ^ f^Rtqrr 3Rt qqq?r (light) f?| 

^■-^T ^ qqq?r f^RRfRT qfflR qq 3RRRR I^RT, 3R^ ^IcflR F3ft ^ R^ 

"O o 

q^T?# % £ k'cMRj qfr dRR ^^IcHI (knock-out) RT R^RTT t, «Rlcf 9FRft 

qTRRRT qr q?R I^RT RRr| RRf% q^ qq q?4qT qq^T ^RR qqRTR3# £ RRT f^RRRI' 
q<<HTU|3# £ £r 3TT^ f| 3 Rt Rf |3R ^ tqql^qff ^ qRTIW3# ^ ?TSRT jflfol'^l (balls) 

% RRIR 3RRT, RRR t R^t RRT f%T 3R RTf^qf # qq?: 3lk ^TS^T R^t t\ 3R^ f^qRRT f| 

RRRR =Rft RRT y'dl^d Ftcfr |t| f^RfT Sft RTF Udlqdldl qft qWR3ff TT 

RtFRR RR RIFT Pl'FVcHRI |t, RRT Rf^r ^RR qRT^ % RTtRRT TT ddUd RRRT t\ TRRRR 
I^FRd; W qRT^ # RT| 

F^RdlR % 3Trf^qqr % q?RlR;, RRRRT qFRT cdRd RT f^RRT TRTItTIR RR^ Rq RRcR 
f^vRT f^F MTfliyi ^RT f| 3TRT RRRRT # ^ qRM TTSRf Rlf^Rlt F^T Rll^ faRT qT 

Folq-diR qr 1^?Tl^r?r % trrr ^ift # 3fR f^r 3tR 1%q% fr ^t| 



RF tjq» TfqqT I^RR RT, qTRR RRR RT| 




2. snfSY (Nuclei) 



eft chWHl FRT aY WF qY^TRlY 8fT % 3FRY 3TFTiT-^U|1 qY ftcTFJ| 

(fq^^^ur) aY sr^f f?Rrr| 

3fFqFT-fYvM ^T q-?T qwq, #7 RYqiq (pull) % 3FTW WF F3TT 3lk f?WT 3RY % % 
arawT fow 3F?r ft (flying) fYdwr anYtYRT spcrfr ft 5Rfr t\ Pur aft, fsr “afFqq-wftt” ^t 
qsr ftwa fftf ftt wf srr| qw Yftt Ft writ jt % ar?qFT-^trff qr fft^wr 3 fift?r =rrtt qw 
?rr ftF aY SFF WsT cH'dl Ft TsfNlT| 

ftHT 5T^t arr| ftqRqft=F 3TtWRT ftt q-^^TRT *IF F3TT tftr 3ToWr-Wftf F^dYdl eft 

writ aY c^trtt arift?r £| ff 3TTft?r faqftd qwiF ^t tYdwfRr 3fift?r m, q-ql^ afawT-sFOT 
F^'q-'dldl # tftm ftr fftq-ftFT f^r^rr aY Fjft (wf ft) I qr fftFwfpq- ant?r 3ft 

3 t°n?WF 3 trtt wrr wrr fwft wq (fiifft) -1 t^t wrr| arawT-qatnY qr fftFwfrq 3nft?r 
frtifwf t\ qftiftF ffrft fif?t FFftFdRT ftr wf?t Ft Ft wit It, F^t +2 ^?t WTT| 

Ftft FVft3dYdY # WRIT aY 3faWT ^trft ftt qiFT aftlftF qWTW FTW tftdWftq- 3Tlft?r (Y, dt 
3 TWRT-WTcrff qq FRFRT FFftFdRft ftr qj-q'cpiq Rftqiq FRFWT YT 3 Tf? 5 ^T ^ftq HRTt dftt 

|? FWFT 3 WW 3F i? % aTFR-qroy FaftFdRft # WRIT aY 3T?q1tftF sntr W tft?WT 
(massive) f | fft ttrw Ft 3TWRT-^Rofr qrr fMt Yst ftr qar Ft stiff ftftqw qafer |Y| qiFWT 
aY, ff F^nfftH tftwr wrr fftr arawT-w°T f^fift # writ aY 7000-wrr ft §Yt afttftF fftswr 
^1 



FWR ar§Y 2JF |3TT IYt aroWT-WF f^IIfrt (hydrogen) Yr qF<HM # gwrr aY 4-WTT 
F3TT| qRFrait aY fvf'fYcHH ff^t |t| arwR-qroT ^tf^Rrar (helium) Yr w Yr 

o J o 

FW tt?ITFT ^1 

qqqtY arFFT-^roT qWF3# % FfFTRT §TlYt ?t, Yt FflFFT # FR TJF FFM Ft T^tY FtTY f| 

tYrr §fr, arFFT-WF frtrw Yr ftt^wt wtIYft Ft wr| 

1906 aY Fd'wYi (Rutherford) uw wr qRT (container) aY 3TFqR-3roff # 3 =ttw ^ft qq^Y 
(trap) aY wwr F3TT| Fawr q _ ?WF[ t^Y-^Ft attr 3TFqR-^TOT qw aY qt?r q^Y, wwlt 

O' 3 

aY qRTr fYr ^ft £i1frrt ^twr §fr| qTF ^ qF^Y Yr qYf ^rrt sft| 



3TFqFiT-^DT toft ^TT Yf Hfttod Ft WT\ SITOdT 31d^-tof sY tot # F^FdFT 

to tot| # zwr (mass) Fd^Y sY f%r 3to to (dtoY) 3" ?rRj<d £r ^ ?wr 

aY ^ 5 : ftor tor 9toT| 

o 1 



wto ^ STr^r ^RFTT #r wtot tor ttoT| 3 to YtoYtot (radioactive) Tt 
ftodct tp ( 3 to fit) arFFr-tof ^t tor # qto toY (foil) Yt ^rftti 3fFPT-^w tor 

f^rr tofr ehft'Hi'l Yr tor tot Yr 7T^m YY toUd Ft to| 3 tfpt-^w tot % ^to to 
tor toYditto to: <it dcbd'4 to - to ^t HFidTtora 7 tori 3 Tp^t-^ot totarifto to 
9T to d^tot to t tor toY # 3rtotodt aY d^RRYi tot^ sir ard^-to tor 
toY Yr d^tot §Y, d^rr ^ 5 : tow to to £t| dd Yr tototo to % tot ^t 
^rdrr/?torr tot §Y| 



tocr rto r g <sr to to nr tor 

to 

.] 
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ipi «^i«rii jTRTT 




Most alpha particles 
pass through the foil 
with little or no 
deflection 



Alpha particle 
deflected at a 
small angle 



Zinc sulfide 
coated screen 



Alpha particle 
deflected at a 
large 



Lead block containing 
an alpha particle 
emitting source 



1909 to wto sff to for wnw # totow wto totot # to (cloud) Tt to 

t\ F^dw Fto Fto ?Y to artoT-sto 3 to tor £ wddi £ 9 ir Ft to| 



to §YY, Wto #r to aY to to H<o-d §to (massive) “Wto-toY” (atomic nucleus) 
t\ to FddT tot |t toT FddT toT told to f to toto Yt totodT totdt aY to <£d 
dridT 2 tt| toto wto 3 tc 3 f?qFr-^T 3W toto tor (nucleus) Yr dtoidi w tor tom - 
3TTdT §tt| d^to # tow f^YY war §4Y, to wtol to toT, to difd'ci # tor ^t to 
^rpr to to^l wt #r u^r to Yt ^to to toto # dRr§w 100,000 totot 

(nuclei) # 3TTd‘?^RFrlT ttol 



3T?T: 3TFT5T-^trr, TOPT dd dlHY (base nucleus) 2Tr| dd ddd 4drff ^ 

3TCFT dRY 3TtT Fd-3tR £ $c^d1di erft ^Tcrr fedT, df dF dTSlRd £lf^Idd Wdd dd 
ddT| 



ofcrr fa 1914 xrf 3dtd ptf[ dSdd ^tRF^fT dl^ (Henry Gwym 

Jeffreys Moseley) ^ F?frdr sjt, WtTd # ftddd 3TTtd % fUdd dTFd £r fYte 
W1WT3# dTT did £cTT Fdl$K u l #» fetf, FF^dH eft dlHY % W +1 dd 3TTtd ^| 
FiFf^w snfPr % diFT xrf F^did -1 3nt?r % ^rr^r t\ diHY w $<Y«*£1 '«h % 3nt?r xrf 
d>T ddfod (balance) dddT f ddT ?d W qt WITd % W dYf 3TTt?f dff fYdT| 

F^f £lf^Idd dlHY Yx W +2 3TTtd ^HT t ddT dIFT F^ W did 3dY?F Yx -2 
% dTd 2-F^FdR f, ofr F^ ddfcld dXdY f | dXIsfd (carbon) dlflY % W 6-FcYddldi 
% dTd +6 dXT 3dY?F fYdF |f| dldRlWd dlHY Yx W dIFT 8 F^ddldj % dTd +8 dXF 3FFt?F 
?YdF t\ c% dlHY #> xfRT dFFT 26-FcY4dYdl (-26 ) % did +26 dXF 3Fltd fftcTT (Y| Ffr ddilT 
dYfa'd-H drflY Yx q-RT 92-$^qd1dl (-92) % dTd +92 dXF 3FFt?F fYdF ^| dlHY % 3FFt?F % 
dlFd dxf 3d d?d # dWl^-dEdT (atomic-number) dXF?f f| 3Fd:, Fi'F^dd # WFTd 
dEdT 1 £l1cYd<H # WFld dddT 2 dXI^d # WTIXXT dddT 6 dl^cHd # 

TORTXJT dddT 8 dtF # WTIXXT dddT 26 t, dtftd<H # Wild dEdT 92 t, ddT F^ 
qdxrr 3Fdd a?df # sfr wffxjt dddr t\ 3^ ^di^cbl qY 105 ddrf qxr did |f foidcRi 
wud wsdr 1 $ 105 t\ ffi^ sfr wnw dEdr ^r dff |f| 








# > 







1914 cT4X pro: 7FU m % toftT W1WT XRF *JS3T toft £ fStcTT t ^ft 




2^RT f^RT IFcTT £| 



to wnw # tor ?tor ft, brit ^jf storr xrtt ^t |r? tor to ortti 

mwtui # to* 2 strw to t, sfr totor toPr |t| ^tor totof §ft ^a--?r 

^XJJ £ ^FRfr f I f^T 3RRT *t ^JF <H1VH'<H1 to? FHT fa WllftofT toft ^TS-TT tot £ f?toR 

tor t\ 



^ra-RFw toPr # t, Rrrft ator +1 rsit fc^i-h ^ % ^rrar t\ 

1914 *t <«^<LblJ ^ fitor ttorr fa fto §fr Fra^t ator Ft ^H4Ftr |t| ato F^I^R srrfi^r 
to “toto” (proton) ^tT oft xj^t to ?RF £ fton ^FJT| F^ to ?TjFr xrjt (fundamental 
particle) t\ tor ton F3TT fa y?to 3 rzt wtTto toi* ytorr tHHioH'eh 3TT^?r % fto 

1 toto t\ 3tH: fafam tor % w 2 toto to, tor % w 6 fato to, 
toton tor % w 8 toto to, 0% toPr ^w26 toto to, to ^ttor toPr % 
xfRT 92 ytto tol 



to aft, fh- *t to tor tor to to 




33 WJT Yf cffr ’tt, ^ snfi^r Yf w +2 wx 3 nt?r & 3 fh: =tor w 2 -wt^U 

efcY ^nf|r#| ^ 2 ?f ter fcWT £r w ^ Ht fsY> wnw ^t ^mw (mass) $r$gYoM 
sitHY Yf d'cai'-HM ^Y st-^wTT ^rr ^tt1%tj| f^ft^rar sni^r Yf w (aiY^rr) tfito tY| 
£lto7T sitHY % w off ^o^vhTcH jt 3TT arm - (measure) f cT^rr fTT^T 3TFT (value) 

6 i<?$YaM srrilY Yf ^ciicHiH £ ^nr- 3 Torr to'di | 3 t§Y prr 1 Yr £iftY<w snftY Yr 

-3 o 

2 -YtrW tor amY »t ^fY 3 ftfY f | Yfa hft brjt tow fr? 



YlYW Yt rioq-JHIVrf W qw % ri&£|'(Hl'(H Yf 3TFRT, +1 ^T 3Tto 3nY'?r 3TFY Wft WFT°T3# 
Yf to f| 3cjr^'ui Yf to, snfiY Y 92 Ytefa- YYY f, wg ^ewt 

gl'^oM snfiY Yf ^cilJHlH £ 238 3T0TT t\ 




ut«H f*4l $H*iW aft yin if 
^ 45 % ^pn *nft irtai $i 



HCIaWoh prot-CH 





t^Ytot Y frr »r 3 Y to'-m YY Yr to ^Rtrft yY ?Ylto 

IY^it, qYf sYr wr to ^ pari m 1932 sY tor *teto (James 
Chadwick) srpr Yr ator toto Y fTRFT ^ (3??R) toi'di | 






cl'dlfa'chl ^ fpropf TOT Pdl'dl # PTT3tf (streams) TO TOT RRp # PPp RPfpT 
#1 3R TORT # PpT PdRP 3TlP?T % TORR 3TR # RTOT 3R TORT % RRt 3TR TO 
3TRtr P, RP ?R ^t # P?rPf (trail) TOP PcY IPpR 3RTORR “pR TOR” (cloud 
chamber) P 3R TOR) % TO P RlPijci fpR| RR 3TRTO-TORT P ^ftfpRR (beryllium) 
RcR # RTfiPPf P RTOT1P RP, Rt P ftfaRR |3TT, 3Rp ^lf §ft 3TcT # R^t TORft| 




ctHfJS JW it VtiTH cKT 




^dlP* Rif RpT TOT, TO P RIRp 0- fpT rafeRU| ^ TOTf% PR P Cklflfc«H 

(paraffin) P RRRRT Rt PuPP # 3pP RrfPPf P PrP RRR Prop 

%Pp RiT 3TT3TRT ^3TT Pr 3R PPPf ^ TO* PlRT Rt RRR PTOcH Rp t\ 3p §ft 
P?ITR/3TTp pRT PpR| id^KR % pp, pdPl RRR PTORp % PP fcPFRIR Rt R|R 
TO^T P| 

RP P?RR/3TTp TOR Pt §ft §TT, 3R% W PdTO 3TTp?T R^f p RTRFTOT, Rp Rt RfT PR 
TOTRT RP PaRr lpTOT| 3TR : Psftcb P ^RTT PPpR RRSTR PlRP % RT=TR % TOP p 
TOT PTO 3Rp pp PdTO 3TTp?T Rp ^l TOT TOR R RT tlRTdH'ch P 3lP R p TORITOP 
P| P dC'tP (TO-PP) p| 3TR: 3Rp $R cb u l'l R>T RPRR (neutron) ch^l | ^Rp L K<Hli'Jci e t) 
dtp # RRTP TO RRTPR )pp| RfP p ppR Rp c-ddTd e(Pt $[ PdRRTO f | ^iPPR 
TOP 2-PdP RP 2-o-ddTd P TOT P| 2-PdYd) ?T =RT +2 TO 3Tp?T pP| 2-P^P RP 2 





toiW #7 fito qq fTRFT Fi?#fcR srrfi^r #7 nsnar qtto? # h?wt *r 4-7nnr Ft 

dm | 

to snfi^rat #> tom # §fr n^r qnm §tt| % atlctod toto tt^ct torn ^r 

snfi^r to q?sfr qtto amr wj'dw st| toto+i tolt 92-qttor ?mr l46-°mdw it\ 

(\ A 1 C\ (\ A 1 

FqnFT artor +92 arr, qtto #7 ^wr qt 92 + 146 arsnnr 238 ^nm 

t\ 



tofr toto # qqto tolt st qtto? wr qtor # f| to afr, ^toto # qtor 

TJ47 qwr £ to WPT # totT W flto? FT qtolt t\ 3'd^R^r #7 to, toto'H #7 q7!J 

mtot 92 qtto, wh torn? 143 ^ton t\ artor am sit +92 t\ nq^m f^^wf? 
toF? #7 ^oiiJHIoH ^r 92 + 143 = 235 ^nm t\ 

w qtor #> qtto qq^q? to?? qton #7 toin tot ?nton “artotto” (isotopes) 
cbF'cHl'cl f | STlfPr^ft # qq? qTTTfr # qto? #7 377JJTR F?Ff77 7?F? WT aTTcTT ft| 92-qtdF? H^IT 
146 -o-qdT+i #7 TTT§T toto+l STffl^r “toto+l -238” t\ tomt 92-qtdt?? cRn 143- 

<V" c\ c\ 1 O 

a-qdJ<r| f, 3TT -235” 47^ f| 

447 toto dc4 % anFqttdtq 'M+im qTq- a?R? (equally common) dl?t tol 447 

atoton arm Ft qrqTqn it, qr^n ^q?q? ^sr| adFi'^i % to, qqto 1000 dtto+i qqTTnnatf 
# 993 to tod' 238 f, qnq? to? ? 7 q^ttor-235 f | 



3. ^TTfit^rar ( L K<Hl u l ) Ifiafr (Nuclear Energy /Atomic Energy) 

toto^" 1 to ttotot qt i'cMVH tomn # to sTgcfl'^'d # Ftqft t\ 3^FRW #7 to, 
mw-tont # qq7r?r tor cpFn # ator atto to to i? I aiwr 4to to-q7w ator a^r 
ton (15,000 - 20,000 Itoo jfto qlto qto to sit atto) to to^r to f I to ^if to to 
toaiH sruht ^| 

tltottot toto to 3?q^T Ft ; ftoit t, ?tot ttrt tor % to 
qqtot totto fto toTr (Pierre Curie) ?t, oft tot to^ (Marie Curie) #7 ql^t $\ 

1901 # tltottot ttojTT (radium) 2(qRT tototo to qTt ?nqT| FTT qrr 
anltoFR 3-to to ato h?it atot qtot st ton arr| artRRw #7 to tto+i # ?nnT ^fh 
477? 3q??£?T to qq^T? mto ^ ato q ton ton f%7 to 1-ato? to§?7T 30 -?ji7t) ttom 



XJR7 RRT XJR7 ^2TT?T <R R3T 3% RT 1-Rt # RR3RT 4000-%% 3% % rrt RRi 

fadF3d (given-off) %f| 



f%T wf 




xjRt w # RF 3% ^ Sfr R# t\ 1-3% %IR (gasoline) % 31R1RT 311RT £ Rt 

325,000 %% icM-r-H f% f| 3 ft %Irr # i-% # # % 3 % # rrsrt 80 -rott t\ 

XJR7 RR 1-3% %toT % 313% # 3ft 3% %3% 3R% R?R1R; %lR RRFR # 3T1RT 

|f RRT ?R# XRRTR 3% %f 3% %t F%| c£% 3% )f%<H 1-%T # 4000-%% 

3RRR R% % R3RTR %T PKcR 3% %T 3F^T t\ 

R t % 1-3% }feR<H 4000-%% 3% 3cM'a-aH RRRT RRT ?R# R3RTR §ft yR% 
1%t # 4000-%% 3% 3'rM'o-aH %fr %| 80%t # R?RTR, =T% %tR # 313% RT RFR 
3%" # sKIsR 33% #| 800-tic) % R3RTR F?% Qdld a1cH°l % SH I *-ci 3 all R>T 10-<M U II 33% 
3'cMa-aH %| 8000-R# % XT5RRT 100-ROTT 3% 3RRR %| 

RF RcR t, f# %%R R7RT 3R3% F% % RTR RTR 3% 3RRR RR31T |f, RRR RFH 

J O 

?% ?% 3%%FR, 3cH%d % 2R (rate) %TR %3T % R3TRT % 3% dRT f% 31% % 
RRR RF %R RR RRt jftRT t, %%7T 1620 % 3% £ R3F>T #RT # 31R %%R 
fciRiRd (radiate) %RT [slo-RicH %" # olldl d3 dRi RF d«H3RT 'IcIcH % RRTR <H I d I % 
y I *-d 3 oil % dcHdl % 250,000-d u ll 33% Rcfrl #RT | 

RF TFfR 3% RIFT % 31% ft? 

1840 % 3 dlPlRi [slcHR>cH %f|RcT 2)", % 3%) R1# # Rt 3T%t RRT RF ^i^RHl%RT 



(radioactivity) # f% R% t\ 




YdlPcb fa H^T ft 3RRia Y, Pi aa WFR tRU ^aY p tfMd (combined) pet f, 
at aat a'rMo-oH ppr t\ sctfira Y> fPY, aa aaiit, aaar Padi (coal), ar Yata aaar Y 
at faa (fuel) Y> anYa w fifftaa Y> araiw aia P aiarfiad Y> wnwa# rr Yw 
pat f , at aat acM^'-H ppr Yi fa aaiR Y> aata aY nmaPPi yppai aY (chemical 
reaction) afct p aar fa aTf •FT icHo-<ri aat aY nmaiPrai aaf aY (chemical energy) 

aifY f | 

aai aR, ^aiPa wft P rPaar aa^t na, at Y pa rPi Pi rirtiafYai appiani aa 
ppr p aa fYaara aai wna ft ^rP wpt ft raaaPa (shift) pY £ | an* fYaptaf 
air aqararca (arrangement) wpt rPaar ft aaPa aaf Yi rrra rfar p aaPi ^rp 
fYaaa aar aat Yi rrra rfY P aa caaaanra 3aa aat arYt rPaar Y Ptr-a aat aiYt 
araar ar raaaPa par p at aiPtPaa aat aY aar par p? af aaarr, 3x^ar, aaT aat 
Yi cjaY rat Y aicfl p 

araa, af at Yiaa fYadtal Yi Paa ft p p wnPaai aifit ft atata w aaafa Yi 
Paa ft aar? aas atPa-aaPY aqaraiaa araar ft aaPa aat atfr (tied) |p pYt p 
^rP szraraiaa aar aat rraY p ap 3aa aat aaaaaraa, tYaa aat aaaraiaa # aYr 
rato-aYd ftar p at ailYPaa aat aa: Pr-arY jfi | fa aR af aaaa aa arat Yi PPira 
Yi rar ft aiaat straa aaa Ya Yr aat Yr aa ?Y t^racY^lti 

Yltatal^ar aYt^iaa, atlYaa, Yttaa, aar frtr aaR % aaa- a?a % aifit ft 
atctat aat ?aaiat at fa atf aa: caulY-aa Pai aRt, f^taY aa 3afr ait ft| f f) 
artMta- (nuclear) aaar aruifta (atomic) yfcii^aiii aftY t\ arUt % al^ta aar a^Ta, 
fcPdYaj ^ ^ta altja snft ft^ f| ft fcYadat # aaar # aafa aaar (tightly) tia 
aa (closely) rt aratPd (held) rf^ t\ faar 3Rt af f3tr ^ atata taf aaara 
araar Yi ara saatfota a at f^adtat Yi ar^r saatPra a at afa 3tf^ta ftcft a^t 
c hK u i ^ fYr YfiatafJtdi ^t Patel ft fftoiaY uich) jnat *Y at ch Yi aafi iY anar a at iY 3tara 
alitai fttfr Yl 

aa taiPaY £ PHtaa ar1it3# aa 3R.aaa Part, at Y ana n% Pi a?ar (Yra) aifia 
Yt aiPrat Yi aia aaft aa 3atr fttfr Yl aYPaa aar atpaa ^rt aift ar1it3# Yr aia 
alPai jnat ftcft Yl aP Y siaaft arfiYat aY aia jnat Yi ara ift<£t arfitat Y aa: caaPaa 
ap, at apa aiaY Yi fPY afYPaa 3atr 3aYi aia t, at PtYira aar aant Yi aa Y 
PtaaYYti 




$•^1 rRF YY, TrdY $ c-cPl dTlUdt ?T d? T dro/l dSft T^ftl df^ SoTYt dd dt?> dY a-| | ill i|) ?T 
W: cildR^T dW Ht dd: df?lUdd 3dfr f^feTd dd ddY % dq # gTFT 

^dlftdl df cFTSFT 100 ddf Tt d^Y d|Ffr dT 3 cctR £ f^dT| ?fY SdYd fc?TT # 3T?d1t}d 
5oit ^cTT ^fY d^T 3TTdt ddt ^TcTT |Y| d^T 3dlY dfT }Y 3TTcfr $7 *H$d fTTdT dYi? §^T 

U'dWoM'd 3ccTT 5=f^t 2TT| 



<xA/ \. 



-O 



O 



A 8 . 



\ 



wldM 



15.15 =1 -j«h fiRnw ^dT ufd<.i 



dddft TadTcT ^lfadl (astronomers) ?T ddT far ?fY dT d^rfr sift JjAdd : ^l^ldd dT| 
fTT 3tdddcl t^r (Hans Albrecht Bethe) dFT Yr tTF^T - 3FY1Ydd 3dlftd £ 1938 # 
^fraT 1Yr 1-wTsW £ d^Y 4-^r$g)dd sTrfi^r, ^if^m Yt 1 diHT sY dd: dddlY^rd tt dYt| 
£licYd<H drflY 2-dldYd FTdT 2-o-ddtd Tt ddT ^| =PhYt Hftu|T<H TdTd, 3dfr PldcYji) | df FT-Y 
Yr 3Td dd ddlfUd ffcY % dlTd dT ddT?T 3Td ddT| df TTFT 3H|U|f^ch 3^fr Yt f^Y 3TcdcT 
d£Vdq4 t\ 

tdT YY 



3Td 3diPld 3iiuii^cti 3^r dd dTdTd drflYdt sY dd fYTlTcT (enormous) 3diY % f^dd' sY 
vjl |oi d|-i) §1" | 3a-£ 3TRd Y $1°Y cH<HI, 1% ddT ch 1<H <pTT dnoil dT 3ddFT TRTTT Yt 3T°Yd dldt dY 
dTY Y dT TtYtY? cYd ftdTRt ddf £ FdYt, dldcHl, dT YcT FTTlY Y idTTdY ^cYddMl Yt 
T dFcRui % fM TRTTdYYd 3dfr dT 3ddY<H ftdT dT| ddT 3Td Y wYdYdi dd o-ddTdl dt 
Fdlo-dUd d^Y # 3liu|^d dT 3Md1d dT TTYfT? 






rr 3^fr toT rtrr tort arortR I^rt rtrt £, Rt ?TT ?rfRR (power) tos^ f | tor to 



rt tor rtrr riIt*, srrI^to ?rfRR tot rtr $ R#Rfr? 
tor^ 3Hiuif^ch 3^fr tohirh # £, ^ to tfit-tfit tor arr^fr £| rrtt -htriwi 

' o J 

trr RtftRR r RTftRR f, ark 3 tr£t 3^r tor arkr k 3RRT Rk rMi 
alk arftro tor? f^r =ttt 3Rfr to) TRfr tt tor ftroRRT trr r£t rt| 

TTTTTRftTO y1^RJT3# TOT TTR TORT TRR 2TT| <Hlftd TOt oTRFT % 3TT RTO[f?TR (lit) TORT 
TO £| TORR <Hlftd % TTTTRR Sfk-Sfk RIR # ailTO?IRR k TTRtR TORT £ | f^R §ft, TOT 
TO Rift'd TOT Tgrofr TORT TO TRR TO TOt TO^T TT TTRtR # TO klR £t RRRft, RRT <Hlftd 
3TRT # o-ciichi TO RRRfTI Rfc rrcIjchIrRr (nitroglycerene) TO TOT f^Rfr TOR k 
TORRlRT, Rt TO t^TTOTfeR (explode) £tRT| 

TO kdT $dfeft £, TOfi% fcfcfRTR TORRR % TOR (outer) TOR (orbit) k £ | fR% w 
3TOT 3TRRT 3TTRTR (blows) 3TRRT 3TRR hUr^R TORT TRRRT TT TORT TO TTTOTT £| $ 
hUr^R, TORTOT TT TORTR TO fcfcfRtRf TOt TRIRR^R TORT # Rfk TO) klR TOT £| 

^R^r 3TR, RTflTRT TORRR3TT % %R Tf TOdf £ |f £| 3R% TOT TRRRT TT r£( 
TORT TO TTTOTT £| TO£k u l ^ fpft , R^ftRJT 4 tT k^RtRTffRT TOt Rk TOT% 3TRRT 3TTRTR TOTk 
3TRRT ^TTT TOR TORT TT cflR R£f f^RT TO TTTOTT| RlftR <H 3TTRR ?fk 3Rfr £RT RRT £| 
TO yft>Rl (process) fRRT SMr £, frr ?t1rR % RlR % TR # 3TOTtR TORT TT3TR R£f 

t\ 



?TT% fM TO5: ^TTT RT^, ^ Rt f^TOtRT % RTR TORTR % RRR STRT RTO (right 
through) oiitr) TO TOR =r>T TT%, RRT RTf^T ^tT £t 3TRR to Tl%| 

fR TO^ ^tT tort % fM Rto£ TO^", troftro r) TOR^ ?)■, t RRTORTOT^IR (subatomic) 
TOR 2)-| 3TTOT TOR TRTTT 3tftTO 5T5T (efficient) $, Rt 3Tftrot?TR: ^RtTOft TOT^ff TT ftTOTO^ 

2)-| fR^- arftro STTtr/^nR ^ t f^roiRt % rttor fRrfr trrrt tt to £t rto?t 

?)■, t^TT I^T tot f^TOIR $ £r R£t| R^ 3TTOT TOR Rll^T TO 3TRTR RW RT TOR £TRT? 




4. yicli^Tr^' (Nuclear Reactions) 

atom, RRto (Rutherford) aY araqa qtof to 3t?R qto snfi^mt £ dqRPJT| 1919 aY 
3aaY 3faqrr-qtot to to (crashing) lY aiF'dYdd to Yr qiR (container) aY qto ^TRTT| qF 
FT aaRT qia aY toY (speeding) |tr YldYaY to ^sr qFjT| 4 to TT 3TT#? 

qiaaq aY ^rr f3it? aaqa-qm to to arflt £ sqtor, a^T 3to ft qYdat to qiFT 

o o 

toY f| aitoa'a aiflt aY at to tft, aaqa-qm 3aaY ftoa 3rr4^t| aiFdYa'a aiflt aY 
7-yYdYdl Yr am aaarm to| Fto 1-qtor to ton, qqam 2-3raqa qtof to fto| to 
aY fTlYr 9TF 8-qtto SY, H 21 T fto fTT tjqr tofYYad arfiY qaT toT| 

aF aiara" fafiYd qaar snflY^m totoai to| aF qFto air ar, to toto aY 1 aaa to 
to aaa aY MtofYa tor ar| 

RRtoi aY to aram qtof to to atot Yr aia ateir (bombard) tor aifittoa 
qfjYtoar ir'M'o-a #| aarto, Yraa YtoYtoY qqraf Yr saator araqrr tor aY Yr to^a to 
qro; am to I? I 4 araqrr-qrtrr ans aar Yr arra Yraa aitoat qr Yr qqra aato f | to 
tor qr, 4 Yraa qn* Yr aiHYtoa totoirr samr qra ato f | 

tototo aY, 3WW#r tor (subatomic-particles) to tora^T to Yr toto to Yr 
ara dqraat to totort qr qaa arto qn qa?a ton| 

aa tototo aY Fi'^Ydd to aaY tor aY Y Fto^r $> mra (single) FtodiH to qiFT 
tora aYr, aar to toa qqra qYto aqa ato tf ^ptt| qYto qY aa aaam Yr qaia Y" 
aarr ar aqn| qqr 3fto w stotor 3 qqRa srrt tjqTa qlto qY aa=aqr # to ton 
ar aqrr, a^rr ftor to to to qaarr ar aqrri aa qlto Y aatoqr to qra qrr to 
at aF 3qqR0T rY aiFT aaa aqn, aar qtoat a atofat qY qa: satoaa qto |tr, arfit rY 
to aY sqra aqrri 

Far qqna qrr sranlYqr aYf - qYsqr (atomic smasher) qato qto qrara toYa, qqr 3toa 
tolto ata saara qto ^\wz (John Douglas Cockcroft) w 3aqrr arrtoa (Irish) aFtofr 
tops: torra tot qidda (Ernest Thomas Sinton Walton) Y| io-^YY 1929 aY ^F iaWI' 
qaiaTi 1931 rY 3ato to - qYdYaY qY a?q ftotor (lithium) to arrtoqr aifit to 
toY Yr tor 3qtot torri 



^otY sY 3 trr rrrr Yr 3 ttot1Yrt rIf-rYfrt rrotti rY rirrt w rt, 37 Y rrt^Y 

RTcY uYde 3TT^5t cYiYd (Ernst Orlando Lawrence) ROT RR rrt apYlY^T YotiYYrt rt| 

1930 aY 3OTY “RI^ROTTslR'” (cyclotron) RRTRT| 




“RTfROTt^W’ YY RRRRT fOT MR>K YY OTYY §fT fYr OTRRR7 RtOT-RYOT Y>cHcI jOT 
(expanding) rot (circle) aY ROT rYt| 3lY Yield 3TTaY YottY OTY, Y cflR 3 Yt cYr RfcT 
lY 3TRY rY| YjOT ROTRT iRcPl RcfYR Rfct 3OT RRT H$4), OT^tT }Y Y RTfROTYcYR }Y RTijOT 

3TlY\ 3 RYt RTR Jpo/l YY fY?lld <H I R I §fT | 

1930-1940 Yt RRcR aY, YrtYYrt arfYRTcOT 3OTY RTcY YtcTlRt $ OTR RRRT # RlflOTff rY 
rrotrY rY| 3r^ arl Yr arte rtH^iot yfafYvRnj sototr #| 

Y yYdYRY OTR RRdlRl rY RR: RRRItYOT ROTTY T^, RRT ?RRR rYtOTT OTOT RFR f^RT, IYt 
3TTOT1YRT RtfPr IYotT RRRT Raft t\ 

Rddlft, cl'dlfa'ch RTHYrY Yt YRR aY 3TfYRT Y" 3T1YRT OTOT RFcT ROT tY Y, ROTOT Y 3PR 
?YrOT (nuclear power) RR 3RRYR ROTRT R^t tflOT Y| 3R% 5ROTT 3cRRR Rlfi^lR 
ylc^Riatf Y RFOT ROT 3OTY 3'cRRR #| IOTYt arfYftROT, YriYYrY rY YYR RfcOTOT uYdYdl 
rY 3'cRVR ROT^Y aY 3T?RltJRT 3OTY RR 3RRYR ROTRT RRRT RT| ROTOTR aY RRS Yr RIrYr, RlflOTft 

Yr rrotrY Y| 3rtY Yr arfem, srotott fYRT Yt otot aY Yr rrY rttY Y, rrt 3R^r 3 otY crY 
ototY sfri 

rIYotot rf «rr, ^ ^otiYrtrt 3tott rottot 3otY rY 3trrr rot^Y Yt fYtYr IYfrtYr w 

OTfj-RYYR 3OTY # 1^?ITOT RTRT RR 3RROT ROTcY ?Y| 

1937 # 3TrR Yt ROTR RRT WRYs! )^f?ROT RT, fYr RROTIOT ?l1^R RR 3RRYR rY OTOT RTSY 

CO 5 o 

R^t ^Yiot rtrY| g|r rYrrt rt 1Yr YYd'-Yi 3 otY rtott YWr, 3 otY r^T arltjRT fhYt f^rYr 
3ROTOT ROT^fr rMti 



31RFT-FT# XRT #dYdl FT 3F#d FR# # XRfl dTRRIT FF aft, #1 FR# FRT t|'cHToH'«+» 
faFF#Rr 3Tl#?t #dT ft| WPT #T dll# # 3# tldlcdFr 3Tl#?t #cTt # # t|'<Hl'oH'(=b 3Tl#?t 
k'F> cjd} F>t c^T FKc^ £?, 3t#ld k'F> cjd} Frt ?-IFF>l ci# # 

TRT 3# xjfi 31RFT-FTF 3Rrtt FtFt5T dll# % FRT F#TdI wfcl'ch^ur (repulsion) # 
F1RXT FF 2jfeT dT ^T TtIdT # FR F1RXT # dFRIo} #T #EFT FRT FT 3TTcfT # 

a-'Fdld % t^FR FFT #? FdRlI# ?R# W FI# f#RT#tF 3T1#?T 51# ft RFT dll# F^#t 

aWTddd sifft £#t| fft m §fr ..-FdTd # frt dif#£Rr Ft#t#Fi fr# #r FF*im 3 d#?r 

1 <V" o 

r? 

ftdFd 3TT#R FT ft|## FT, FJ-sjcb yldldl # #FT°T Fit #I?T FR# ft, 3l1#FT 3^T FFd 

'J ^ o o 

FR c!# t? | #1# <rFdlWl # Hid Ft# 3T[#3T 51# $dF>) TsfidT 51# dT TIFldT, cRTT $dF>l cTIf 

dNRXJI §fr 51# #RTT 3R dFldT| 




1934 # Ud#Fl FRff (Enrico Fermi) 5iRT # xjrt ffi^RRt tdTt#Fi # t#xfcr f^RTT 1# 
o-ddTdl FT #I?T dd'^l 3TRRFF1 51# # dR IT #T c-Rdldl # FRT 31RF 3^T t, RSR # 
##-## ftJdd'cl ft| F# # ##R #?TT # TRRXXT FR# f, dF # 3TT°##fl 5## # FRT HFT 
3TT dFl# ft, dFT FR# #RR/RR dFl# ft| 5## FT UdlcdF 3TT#?T c-RdTd # FFFT 51# 
^TT| 



dFFd FT RFST5T, #dt5T - o-RdVd # RRRFT Fit 3Rd RRd (upset) FR dFl# ft, dFT 
fd# F5T: oil'dR^ld Ft# FT FTdT 3ft # dFl# f| 

T#ft # #^T dll## Fit ?M T-ddtdl # dFRldT FR3T f#FT 31# FRIT f# 31#F1 T?Tl#Ft #, 
dll# o-Fdtdl Fit 31 led did (absorb) FR #dT t, RRRRTd 31F# Fit FR cRF RR : cildf^Fd 




3iTcTT t, % a-ddid, Ytefcr sY $ drrY| ^ ylcifa^i yrcar dd^Y Yr fM diHY % 

yidr yY aY dY yYdY.nl aY ddr ytrRr arfYdr fY ariYaiii dF udr sfjt a?d d^r ^rtt, tYY ydFT # 
HoWT # l-arfsjyr wnw dRsdT (atomic number) dTcdT ftoiT| 

3dJFR tr T Yr fiYY, Wft aY dFlfed<H (rhodium) add Yr dlfiY dY ddRTdT (bombarded) | 
dFlfed<H # MT<H1XJ| dRsdT 45 t, dY 46 WdW dRsdT dTcY YdrfYdTT (palladium) aY yftdlcYd 
ft ddT| ^RtY 3 d^TRXJT % fdtY, 3TT^T 49 WdW dRsdT dTcY (indium) dY WdW 

dRsdr 50 Yr fer (tin) aY yUaYYd fY^JT| 

3RT dffld - arfUdRW TOPT adEdT dTcdT ddcT ddd dYfadd dT, RlWeRl WTTdr dTEdT 92 
2fT| yraYt aY ar^d^Y fYadT fYr y^rr dYYYddr dY o-ddYd £ ddRiddr 93 wm adEdT dd ddT 
ddd 3rM^d dFdT dT3dd Y? ddd ydYYY aY addled 2 TT| F^d cRF d^Yt tew UdT 5dY d?d dY 

ddT dTYdTT| 

draft aY dYftd<H aY o-ddTdl dY EdrandT, d?y?dFT adrft yftsdd fYrdT 1Yr yTRT IY^tt 

c\ 

yddT Yr f | fYffta=?r fYlY^r dd adYr dTTd d'ddd adYr ft tddlftdT dd- dry yrY fYr IYttt 

v 1 o 

yddT # dftr f | 

draft aY ftTdT IYt aTfft ddT d?d 93 ddddT Y, dT^ fftTYdEd Yt ylftdOT atT'TC ft, 

FnfYfft dF f^rfW^TcT cftr dr dnsr arft d>F didT| 

3T5=^r pM aY §ft anda-di Yr faddY dd yd??T fYrdT| adft ^Y ddr aM (Otto 
Hahn) dUT dd ypY^ 3dlftd m, f^RTYr f^Rr <Y$dY>i (Lise Meitner) dW Yr ddr aiiR^ddd 
(Austrian) ttf^YYY Yr ^mr ddTT 1 Y^jt| 

ao-^YY arr?^ fY^rr 1Yr d^t Yrit ?Y d# t, tY> ?tfjf dYfYdd yRHiw ddd dY yFd ?r 
d^Yr dfYdr ^YtdT ffT| ?ddT 1Yr yy^TM ^ aTody-ddYr dd dftFT (pair) fcdr ?Y| dlY arddd-ddd 
(THd fJYcHl^ 4-yYdYdl Yr ^d?T) dVkl4J-l-92 ^Y 3tdRT F3d, dt ddT ddRTT? ddT dF ddddd 
dRsdT 88 Yr dTd Yltddr fYdT? 

dY^ sYr YTYddr ^rsy? <hMi ^>1 <• 1 1 1 Fd^t anT^dic) dd yYYSF-d Y>Y YYdT? 

xjdr fYltY YlYddr (barium) d?d dY addYd sY YdR dd^Y # ?Y| YUdd # wim TRsdT 
56 Y, HdT Fd^ TRTRjI^dT ?dd Yfedd Yr TRTTdl^dT drnY Yr dTriW f| dY ddj: §Y YUd<H Yr 
ddd fYdr, YltddT Yr ddd sfr fY^tti 




1938 ft gTFT RdT ft$dft7 ft ftftdd ftt ftfftdd ft fftdTdT, ddRdTd fft dd: dTFT 
1ftmTdT| ft ft ftftdd ftt fftmicft % fftft fftdT, 3dft ftftdd ft dIFT 3TT#3TT| FTtmT 

3ft dT 1ft Fid dm ftF^ftr ft Fmd ftft ft diFT 3TT#at| 

Iftlftdd ft, dd ftftdd diFT 3TR7T, Fdft did 1ft1ftdJ| 3TT#| Fid dm ftfFftr ftf 
Iftftftd dfl 9T 3TT3TRT 2TT, 1ft 3dmT Iftftd dft 2TT, dm d^lftdd ft ftftdd ddT| 

?dft d?dTd; 3dftft ftftdd dm llftdd ft ddm mft ft TTdTdlftm ftftdt ft ft1ftdJ| ft 
ddm ddft mT 9d1d 1ftdT| t 3Tdmd ft| 3«ftM 3ft IftdT, fftlftdd ftftdd ft 

drd ft| 

dd^ 3dft mft ft 3RdddTd mft dTdT mi* |3TT| 3d ddd 3 ftdm f£dc>R (Adolf 
Hitler) dftft ft 3fldd dd W m, dm d^ftdt ft 3dft dtmftdt £ IftmicHI 3TT TgtT ^TT, 

3rddm icftilftd Iftm mr tft mi fftd ft$ftT dFft ftr, mtdd dF diRd-dd sfr §fri 3rd: dF 

t\ *3 

mi* ddd ft fftft dtftd ft| fftd 3ft dft 1938 ft, l^dcR ft 3tft ftd Fd ft 3t11ftm 
3ftr, dm 3d ftr ft 3tft tew ft ft fftm| ftFftr 3td dtftd ftt ft | dF ftr ftF 

dR d4)s<r| Reft dft| 

dftSH ft ftFdftT ft 3d dFT ft fftld ft dtdT, Iftd 9T dF Fid % dRT dR ftt ft | 3dft 
3TRRft IftdT 1ft ddT 3dft ^ftd<H ft dnS ft fttdd m? ?TTdF dd o-ddlft, dftftdd £ 

O <\~ c\ 

ddRlft, dm fftftd mFR ^T ftftftdftt ftftdd ddT| d^dd # STft dft dldF^T ^ftdd % 
drd dF dm ^ftdd, d^dd ft' mFT 3 tt dm| ^ichT^ ftdf mt wdm dff Iftmi dT dmr| 

9dd %ft 92 W3Pd ftddT % dftftdd ft 56 9TdTd ftdm mT ftftdd dd dmdT p 

o o «\ o 

ddft dm mm ftt drift ft 3mrd ft dmdT m, dF 2 wt ftsm didr 3Tdmr-mm m| 
ftftdd ml ddft ftr fftft dftftdd drift ft 1 8 3mmr rnml ml Fdm ftdT m, 3ftr fdmr mtf 
ffttFF dft m Iftr ftdT F3TT| 

dft 3TT?dft F3d % ?ndF dm ft dR (step) ft ftlftdd ddT| dldT fftr ddftdt ft 
dftftdd drift ml ft ft Iftsftftd IftrdT, Iftdft ftftdd dlftcT 3F = d' Tftt drift dft| ^ 9mR ft 
fftSTTdd ftr msft msft “fftsrdd-” (fission) mFft t\ 3rd: ftF^ftr, “dftftdd Iftsldd” (uranium 
fission) ft IftdT ft ftd ftt ft | 

ftFFftr ft 3T9ft srftlft (nephew) 3Ttft ftdt fftFd (Otto Robert Frisch) ft drd dftftdd 
IftSTdd ft Iftmd ft 3fqft IftdTT ftft F^ ftw fftrftl dF dddft, 1939 ft T5ft| Tdrft ft 




^ mr°TT tt^r (Danish) fmrte sflRT ^tT (Niels Bohr) % ^ 

#| 



hIc-h ^ftr 




3tt wm anmfe 5 ttH^ dm difl}^ ylvrt^matf # *1% wti m?r tmldrmt % 

drrrcfcr # ^r % f^r mF?r mi 3 ^ 3^r mr ^ rnwr mrRfr, dt 

difr >h'j-'<h^'<h iste me =rd mmu % trtterm 1M armfr armfr mtorendT # ^ m§r 

3^tfcr ?rr mw mr 3 rmRR hr f^tm £ ddrfd % dmirc} £ mm ftdT I", d^r 

ttsram # mummer mr =H^d^ # 3 ^ 1 ^ ^t for ^ tr tmr fo ^ 3dT ^3 tt| 

o o 



mm ^fd, iAPidd mH^fr £ dmn^, dt *r mfi^m fo mrnt # fomform fo mfo dm 

fo?H 'F'T TT fo?lld 3Tim ?t dnoll drMo-ai ^'l 



5. TOTTW arft'zfr / (Nuclear Reactors) 

O O 




3^ VTJcft <fcf?PFTffcn 







exchanger 



cold gas (resourcefulphysics org) 



snfPr^RT ^TTraTT grat # XRF cl'dlSta, f^fr RVdl'i (Leo Szilard) 

2TT| 37RT &3T sra - ^I^RW WIWT fteR ^3TT, dt 57RT 2 3RraT 3 ^dld 



fFTirr iwrrt 





Tn^TT fa wnw tuft'd t?3TT d?lT 2-^'dld id-Rd fa^T, cT^fT 

<s o o v «V~ ’ 

o-ildoH, WTT°T dW^IT | 2-iAfad<H WnW faufed ^W, R2JT 3FR 4-^'dM 

dd-Rd ^t| t 4-^1^J7T W1WT3# Sf>T ftufed cRTT 8-5=3TCT5T 3dMdH ^t, 3ttl =Rfr 

y^FTR - 5FR RoTcTT *^TT| 

1t§feT ^ 3ToTT 4}Qdd WPT, ^SRt 3rftfa 3ttT 3t1tfa Ws3JT # ftufed 

^m\ ;rdfa driffafer «1c*1^»'-iii yfafadi waRr rtMt (link) | ^ 
yfcTfaqT” (chain reaction) ^1t| 





YdT, ^FToT #7 gR7 gfcY eft £ dddY ^T ddTRl^ 3RlY #7 dTR FtdT $\ doRt |U 

cWdal # Jn^iHI f?lg>d ^7 SHMI =F>t olcHIdl VI K§T RR ^fr, olsl dR^ ‘t'NM hY) dTF ojcH dj?) 
3TRTTI qt 37TR7d gRRT £f trJY 2FW, <HlRd # dd (original) 3 ^dT ^T RT^t 3 Tte ^Rlt| 

Ftfr RR7R, RdYR7 ^yft'd R^RR? WTIW, 3RR 3dfr 3V'Rdd RtYRT| ^-^Tt 3rf?}R7[1tYR7 
rYQr<H WTW fatlted fW, RF 37dY R^fT 3TT^Pfl | 3TcT: tt§tdd ggRT, dd a-Rdfd # 

c\ o 1 " r\ <V* 

<h4) Jnall ^Y R>(tI 3ff?tR7 3'ol'i Vll'-d Ft^ttl 

l^rff^rcT £r, tta&r FtYt 3TcY rYPir<h wnw aY 3riY t\ drflF£rR 

“fadRYcYclR wlert^'-ill” RTRTaT' rY ddTsY gRft dd[Rl^lR7 RfiYI^RT Yt 3fcR°-'d Ffrg F^| 

g^RRT fYddd aY 3dRd 3RiY, RTRid rY dddY aY 3dRd 3dfr aY d?Rdd dte ^Rfr| 

rYQr<h fYddd tt Ydr rfY id f^Y ddr, fY7 atdd:, dYd 3RR-3rfRd rtt 3dRRT rr 
xe#^t| ch jiv41 rYY 3rY Yr 3rY # Rif^d fWt, tdR7% f^rY wrYI rY dm §tt| 

ddd, fYddd ?rfYd Ud'<'<Hl'=h Ft dRTYt t\ RsH'dli' rY dRT 1% rIY R^jRd #T HRYvd 

rrt ttddd rt^Y t, eft rf ?dYY dte 3^fr 3 vmv,h rtYYY atti rtYYYi 3ttr 3 YYR 7 

RRT, 3Rd dTRT Y XJ^W Yt 3d-Rd fYFfYd, dldldR gYd4>Yd'ch' #7 ^dnYt dd #7 ftd+Yd #7 
otm fYrt | 

Fd tor Y 3^- gR fcqTI f^dcHH #7 3RRpqRY #7 gTRtJT R^dll £ gTtq- ^ f^qj 
gT, d^rr ^f i^flRd ww rrt arr tfrv ^r m# gTYdri r 1^> d3Yd 

tgrri^RTt Yr “drs^Rr f^arad grr’ gdRJT dt rrt Ftdr? grr gY “wnw gR’ rt “A-rjt” 

afr gTF^Y t)\ 




l^ddK ft f??4 ftft frfftqiT 31? 5lft f, ft? 9f 5£- ft? ft?5ft % fftft f499 35414 95 
59T5? t\ 55 555XJ? c£lft4? Xjq? ^T 54? 3154T4 RI4 5354? % 3?5ft5 ft7f?| 

3TdT:, IftdcHlJ ft 3??5? 1ft ftF?T 1^3154 57? q^ft 3fftU54 ft 515 ^t5=TT 3rf?l5T 5£R59pt %\ 

35 3154 c^1ft4? ft 55ft qlftg? ftdllft* 3159c: 35=ft€l4 (Albert Einstein) ft| ft 3ft 
57?ft? 95 3fft1ft=hl ft 3!? ?£ ft| RsH'Hli 54? 3T5=^r ftdllftftl ft f^rf^T 55 IftfdK 9??ft 

ip, 3135t 35=5£l4 ft xjq? 54, 3lft1ftf9 ft 3l^d5lft ft?ft55 ftqft? 3sH'ftdd (Franklin 
Delano Roosevelt) ft? ffttgft ft fftft ftlft? 1ft4?| 2 3?435, 1939 ft? 5f 55 515? £ 3?5? 
44?; 1 H1F 5?5TH 55t5 ft 1ft?94£--2 9135 ft 44? | 

6 1^5593, 1941 57? 3l^d5lc1 3sH'ftdd ft 3?fft5 eft? ft 4lfi?ft?4 1ft§?54 57? ft? Iftcftftd 
95ft ft fftft fT? ft59 9435 95ft ft 3?lft4 M| 314ft ft 1ft5, a?l51d ft 5ft 5d57?IF 
(Pearl Harbour) 53 39sF4xj? 55? fcq?, 54 ? 3lftft99 ft? 3 ft 1ft?44^ ft ?Tlfft5 ft5? 55? | 

3lftft99 54? 3159 ft??? ft- ftdllftftl ft 4ftft45 5 ft xqftft? 555? 9135 fft4?, 54? ?3lft 
ftgift5 (chain) 9lft?ft4i 3J5 55 ft ft? 1ft4? ft fftft 9435 55 ft 5ft| 34ifI?9T 35 ft, ft ftft? 
-5gfft5 y?ft1ft4l 515 ft ft, ft? fftftqxq ft 5?5T 5 ft| ftftft47? (cadmium) 415 5qd?ft? ft? 
5ftft5 35 ft 3?5?lftft5 55 ftft? t\ 315:, ftftft47? ft? ?5ft ft? 4ftft47? ft 331? 441, 5f1ft 
4ftft47? 5575X5 ft 3?c4lftq? 55dT5 fftftfift? 5 ft 3lft| 

c\ O «V N v 1 

4F ft?5? 55? fft 5955? ft Ifttjfed ftft 5?5? 4ftftq7?-238 dft 4?, 5?ft5? c£?5 
35^ft[d?q (rare isotope) 5^1^45-235 4?| ftft? Slt^ftrftft? ft? 3155 55 ft ft? 1ft1ft4? 
Iftcblftd ft? 4ft?, 54 ? 4ftft47?-235 ft ft5f??5 (richer) 4ftft57? ft41T fft4? 54? I 

$ftl ft54, 3ic4d fft??R?/3?[ft 5lfl? 5?ft 5ft dc<? 55?ft jk 1 , ft?l? 1ft 4>ft1 ft 5>5fc 5ft 9c? 
54c5 fft4? 4? | 5F5 - 93 55 517? “ftddft47? (neptunium)” 54? 5F5 - 94 55 515 “cddllftdd 
(plutonium)” 53?| 4F 515 |3T? 1ft L dd?1ft4d ft? 3ft fft3?55 ft fftft 354?5 55 555? f | 

3?4 55ft fdft? 455 4?, 54? 5ftU=hl ft, 5f 5ffl?ft?4 fft3?55 ft? ftdjfftd 
y1ft1ft4l3ft ft? 55ft ft 5ft ^dilftftl ft XJ5? 55|r ft? 3145F55? 555? 4?| 2 1ft575T, 1942 
ft? 35 ^- 55?55? 1ftft?| fl?557f? (Chicago) ft 545 93515 §?ft (nuclear reactor) ft Iftftfft? 
1ft3?55 54R? ftgfft5 y1ft1ft413?? ft 351? ft?? 5R3? fft4?| 

ft. ftft: 3ftft7ft?ftT (J. Robert Oppenheimer) ft? 3T53??f ft ftdliftft? ft xjq? 55|T ft 
3?7?ft 955 5ft 5lfftft?4 1ft3?55 55 95lft ft fftft, Mdftd 515? ft 4?1ft45 54? ^5d?1ft45 
ft? XJ 575 55 ft ft 57 ?[ft| 16 55lft, 1945 ft? 545 5?H?ft?4 1ft3?55 55 55 54-ft1ft5ft? 

1 O' <\ 




(New Mexico) #7 arrotoM (Alamogordo) 3TFT TO ftoto tor nro | ftoto tot 
^itorerto (tort) ®rr | 




t mri 3Tiwrto 




efr to tot tor to w| tot t anror-dton tot tor sir, tor totir to 

§ft Rg- hr TFT ^1 fR TOTt tto TOR TOT 6 3TRFR, 1945 tt TOTTR #> TOR ?TFT toftlRT 
TO fatdTO RTO| 2 to TOTOR, c^dTT TO RTRldTtT TO tolTO RTO| ofl'Ml'd tt dTTOT t 

anro-TOto tot torr, rto toTOrar-2 totto nani 

J o 



Rtoto Its tor to 3roto tot t tor to torn to toror toto Ft, dt ftoto 
to tor, to to jtotIr ton to rtort t\ totot t to 3tto tor tortr srftro 
toft to TORT ton| t srftro, flttot t ftto sTtot t tor, arftro ersr (TOnroiTct), 

tot 3rotor t\ 



1954 t, TO TOT. TOT. ditto'd (USS Nautilus) RR tt TOR to Hdtol (submarine) 
TOT t 3RTt to| Fdt7 TOR (board) TO TOf7 TORTR STjfT tT| TOT STjfT TOltot #7 to 
3TTTOTOR to 3RFR TOTtt tT| TOTOTO TOrjttot TOt 3TTOtt tot TOt toflR TOFt #7 to 
TOT-TOT drfi? TOTOT t TOFT 3TTRT TOTO TO, TORT TORTTO TR]ptt TOR dRTO TO TOT #7 3TOT 
dtot RTO TF dTOtt t\ 



TJ -q^T ttr toidffl 






94499 3#|4 9>T 5ii1#-994 (peace time) # 3944 4 f## 9414T 3TT ^rr 2TT| 1954 # 
#49d 4#494 (Soviet Union) # 991 4# 94499 31# 94l4| 41495414, ##£ # 9 # ST# 
95n4| 1958 # 31## =91 # ^Rld^l^l (Pennsylvania) % #d44l£ 94 31# 9# ST# 95Tl4| 

1950-1960 # 44 94499 5lf^4 99 9F#T 919 394'J| 9194 gT3TT, #4 3TT51T # 4[#T 2ft, 

J o 

#1 iqf #999 4 44 % f## 34^ 99 599 #14 #4T| 4d9ft F**#' 9lf#5T# 9|4 4| 

91549 #, #4119 # 4##4<H-235 3#4n 5=f^t 2JT| 94T 4##4<H-235 394 J I # 4# ## 4 
95414, 94 4M 5rf94 51# f##4? 

9954, 49 c|'dl1#'=h #149 4# #, 1# WPT §1# 4 41# 3TtT PM 39J9T 

4#9<H 99 394 J I #4[T 4T 4T94T £| WIFT ST# # 1#91# a-4dT#i # # 914 # 

4^9 4#9<H # 4# mR'cT^'H 1##, 1#5T# 4# 5## 94 9# 4 1#3##4 # 4l4| ?9T 9999, 
§1# # 3949 |9 #J4 # 3#T 3Tte #14 9F4 # 4199| ?4 9999 4f “#4T §1#” (breeder 
reactor) # TT&fr 4tf#4<H 49T 4#9<H 99 3949 # 4199, 4 1# #1991 9##94 235 99| 
“#4T §T#” 4 494 59519- #91# ^91# 9# 991 99499 5rf94 99 1#3# 4F 9999 £| 

941#, T349T 9F9 3Tf#9T 4T| #4T ST# ^91#1#97T 99 3944 99# £, 4 #9119 # 

O 0 

941#91 Md9dl'=h 99T# £| 4# ##4tl5# 4f3)'=h 34954 999T £, 4 31994 Md9dl'=h # 

991# £, 94T 39# 91# F^l# 9# # S# 4494191 # 991# £| f4 49141 # tfd'chRl 91# 

(to dispose off) 4 f##, Cjl9d9 # 3f#4 d#4 51# 3# # 991#, 94T 31# 9#9T # |f 
c^fcn# 35T 4f#=bl # #91# 9# #T° #T° # to 991# £ | 

1970 4 F49T 4 3TcT 991, 3l1ll9l 9T 31#9l ##T 3959# # # #1 49T 99999 #39953 
?1#9 99 394 J| 9##9 94T 316il#4T £? 51199 ?9^ 9T 315=9 3H#3# 99 39# J I 

91459 9T##| 991 315=9 9994 4t 9441 U] 51#d 3# £| d?4 #T 4T# # ^4# 1#Y 9T 94 51# 
994 #9T 994? 9#T 51# ^l'$#'dd 5Tl1#4 4 499 994 91T4 #9T 41#, 99T 351# #f#94 

5nf#4 9594 oil#, #49 f4 4T# 91449 ^"| 

3i#9i #4 59l#4 4 4 4 1# ci 914# 991 9# sufsT 9# 959# 4 “94499 4t4oi4 (nuclear 
fusion)” 91F# £| 991 41414 499 4 #14 # 94499 #4'dd 39RT 994 3#T, 94499 
1#3144 # 994 3#T # 91# 3l1#9! ##t £| 3# 3lf?l9l, #444 99 #14 $l$#4d £, 4 
f#3T44 # 394 J I ## 4# 3#91 d?4 # 3l1#9l 49415=4 £| #444, f#3l44 # 4414T # 
#t44#4T 3# 914 34954 9144T #| 314:, #444 3##9! 44l#4 t\ 




Rddto Rrlto to totoTR 3RRT fRRT RtR 5# |"| toYdd Yt fto ^T^t 

(hundreds of millions) ftoT % ciiHdid to 3 TTR? 3 k 1 T ^| 

?R cRF #> 3tfcT RER dW<Hld yTXR 3RaY to XJR7 ftoY ftoRR SRT hr idYld 3RRT $"| 
ate ftoiRR ^ar to fR yyyy toyr (set-off) ato, faRto ^ntem RR|r (mass) totem 
tor tom yt arrY, Yrt to m xjyr fYyyte tor, to atoto totem sm % toyqte to gamr 
aY atet to?nR torn 

=RT to?lTR yar to gr$gW<H smr ay “H-RJT” 3 Rto f I to WTTXXT toYdd (nuclear fusion) 
sm to x?to f| 1952 aY yam" yyarrxy toYdd am" mr atotoFr Y y?rm jx^rtfr (Pacific 
Ocean) aY arrter e^YqY/snffey (Marshall islands) yy toyyte toRTT| 

yyayty ya=r, totem rr £ ^ato rrt ?teyRuto ay| toRRqRR, yamim toYdd sm am 
dm am aY atom tet £ | 

J o 

ymd rrt ftoted top toYdd £r rrrt £? Ray to Rytto toto Yr diydid 

dm to tomT ay RRidT £? dRT Ray to, ftof 3 RR 3 TRT aY toted tomT ay RRidT £? 
mm toto toto torn ato to ymto £? 

atolYmT xto amy Yto aY to nw mto Yt to totem 30 tef yr §YY atom amm 
yaym mto y|r| dm ar§YY dm RqmdT d£t tot, ate ar§YY dm tony to rr £| 

toYdd Yr to, tote ymR Yr ^l^sYdd R>T ay-tol RRct £, to" mteftam (deuterium) 
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